Although
the Suncus murinus (Insectivora), originated from wild populations in Japan, recently has been given close attention as a new laboratory animals in Japan, the epithelium lining the respiratory tract of this animal has been little studied. Nokubi (1985 Nokubi ( , 1988 reported that the "pseudostratified nonciliated epithelium" existed in the transitional zone between the ciliated columnar epithelium and the stratified squamous one. However, Nakano (1986), one of the present authors, reported at first that in mouse the epithelium lining the transitional zone showed gradually varying types of epithelia instead of a single type.
The epithelium lining the transitional zone must be of interest because it forms the junction between the respiratory system and the digestive one, and because pathologically it seems to be origin of some types of nasopharyngeal carcinoma (Quick and Cutler, 1927; Ewing, 1929; Yeh, 1962; Otsuka, 1964; Shanmugaratnam and Muir, 1967) . This paper is a contribution towards a further understanding of the histology of the new laboratory animal, Suncus murinus, and of the pathology of nasopharyngeal carcinoma.
Materials and Methods
The pharyngeal regions removed from 10 male murinus aged from 6 to 12 months were studied. 1 ight microscopy specimens were fixed in 10°7o formalin solution, decalcified in 67o nitric acid, dehydrated in a graded ethanol series, and embedded in paraffin. They CFL' cut into frontal or sagittal sections at a thickness of 5 ,um and stained with hematoxylin and eosin Scanning electron microscopy samples were fixed with 2.5% glutaraldehyde in phosphate buffer, postfixed with 207o osmium tetroxide, immersed in 2% tannic acid, and stained with 2°7o osmium tetroxide. They were dehydrated in graded ethanol. After replacement with isoamyl acetate and drying at critical point with liquid CO2, they were coated with gold and observed under a Jeol-U3 scanning electron microscope.
Results

General findings
The pharynx of the Suncus murinus is divided into 2 parts, the nasopharynx rostral to the "nasopharyngeal hiatus (Wood Jones, 1940)" and the laryngopharynx caudal to it. The oropharynx is absent in the rest time. The nasopharyngeal hiatus is circularly surrounded by the "palatopharyngeal eminence (Nakano and Muto, 1985)". The nasopharynx extends rostrally through the choanae into the nasal cavity, while caudally it extends through the nasopharyngeal hiatus into the laryngopharynx and the larynx. Further, the region of the apex of the arytenoid cartilage, denominated the arytenoid region, situates within the nasopharyngeal hiatus.
Epithelium, I ight microscopic ,findings
The rost ral end of the nasopharynx is lined with the ciliated columnar epithelium continuing from the nasal cavity. On the other hand, the caudal part is lined with various types of epithelium ranging from ciliated columnar to stratified squamous epithelium. Near the junction with the ciliated columnar epithelium, ciliated cells of decreasing tallness are found. They do not form the continuous layer along the surface of the epithelium because they are interspersed among the low-columnar or cuboidal cells without cilia (Fig. 1) . When the epithelium is traced caudally, no more ciliated cells are found, and the epithelium is composed of several layers of cuboidal cells (Figs. 1, 2) . Near the palatopharyngeal eminence, the epithelium has some features similar to those of the stratified squamous epithelium (Fig. 2) . That is, the epithelium lining the caudal part of the nasopharynx corresponds to the transitional zone between the ciliated columnar epithelium continuing from the nasal cavity and the stratified squamous one covering the palatopharyngeal eminence. For convenience' sake, the term "intermediate epithelium (Nakano, 1986)" will be used for the epithelium lining the transitional zone.
The arytenoid region is covered by the intermediate epithelium. It continues to the ciliated columnar epithelium lining the larynx ventrally, and to the stratified squamous one lining the laryngopharynx caudally.
Epithelium, Scanning electron microscopic findings
Near the junction with the ciliated columnar epithelium, there is a gradual transition from the ciliated columnar epithelium to the intermediate one; i.e., the ciliated cells scatter singly or in small groups among the superficial cells without cilia (Fig. 3) . The degree to which this region is lined with the ciliated cells varies significantly from one Suncus to another. The intermediate epithelium shows 2 basic surface appearances. In some areas, the superficial cells are irregularly polygonal, of various size and dissected by depressions between the adjacent cells. They bulge out from the surface to a varying degree and are closely packed, presenting a cobblestone appearance (Fig. 4) . In other areas, the superficial cells appear to be relatively flat, and are arranged in paving-stone appearance. The cell boundaries of the latter type sire indistinct (Fig. 5) .
The surfaces of the individual surface cells have nublike microvilli. Occasionally, several microvilli are lined up closely in a row and show a tendency to form microridges (Figs. 4, 5 ).
Discussion
In spite of its fundamental and clinical interest as a new laboratory animal, the epithelium lining the Suncus respiratory tract has been little studied. Nokubi (l985) described that the stratified squamous, thc pc,euclotrttificcl ciliatycl ;In(i thc 1),,cti(lotritilic(1 n)nciliated epithelia were present in the c\trapnlmonary respiratory tract of the Suncus. He also reported that the "pseudostratified nonciliated epithelium" both existed in the transitional zone between the stratified squamous epithelium and the pseudostratified ciliated one, and in the ventral wall of the nasopharynx. However, it should be noticed that the ventral wall of the nasopharynx is no more than the transitional zone between the pseudostratified ciliated epithelium continuing from the nasal cavity and the stratified squamous one lining the oral surface of the soft palate. That is, Nokubi's pseudostratified nonciliated epithelium is interpreted as the epithelium lining the transitional zone.
Nokubi (1985, 1988) did not mentioned whether the pseudostratified nonciliated epithelium is columnar type or cuboidal type. Kuramoto (1985) reported that the pseudostratified nonciliated epithelium was cuboidal or squamous type in the nasal cavity of the Suncus, instead of the columnar type as in other mammals. However, the pseudostratified epithelium is in general columnar type, not cuboidal nor squamous type. The present authors interpreted the pseudostratified nonciliated epithelium as "stratified cuboidal" type from their figures (Kuramoto, 1985; Nokubi, 1988); i.e., the presence of the pseudostratified nonciliated epithelium is extremely dubious. A variety of terms has been given for the epithelium lining the transitional zone (Table 1) . Nakano (1986), one of the present authors, reported at first that the epithelium lining the transitional zone in the mouse nasopharynx showed gradations ranging from the ciliated columnar to the stratified squamous type, and used the term "intermediate epithelium" for the epithelium lining the transitional zone. Further, the intermediate epithelium was observed in the mouse arytenoid region (Nakano and Muto, 1986), epiglottis (Nakano and Muto, 1987), nasopalatine duct (Nakano et al., 1988), larynx (Nakano and Muto, 1988) and the Suncus larynx (Nakano et al., 1989). In the present study, the epithelium lining the transitional zone in the Suncus nasopharynx showed gradually varying types of epithelia and was distinguished 3 types, the ciliated stratified low-columnar, the stratified cuboidal and the stratified squamous types, instead of a single type (Nokubi, 1985 (Nokubi, , 1988 . The epithelium appears to be identical with the intermediate epithelium. Nokubi's pseudostratified nonciliated epithelium appears to correspond to the stratified cuboidal type of the intermediate epithelium, and his studies (Nohtibi, 1985 (Nohtibi, , 1988 seem to be restricted within a narrow lone. To discuss the distribution of the epithelittin, sedan\ cut sections should he studied.
In the present stud\ md pRc(. Ali (1965 Ali ( , 1967 Nakano (1986) surface appearances; the cobblestone appearance where cells bulged out to varying degrees from the surface, and the paving-stone appearance which was covered by relatively flat polygonal cells. The former appearance corresponds to the stratified cuboidal type, and the latter to the stratified squamous type at the light microscopic level. Nokubi (1985) mentioned that the pseudostratified nonciliated epithelium, corresponding to the intermediate epithelium, consisted of the "microvillous cells" which bulged out to varying degrees from the surface and the "transitional cells" which were relatively flat. Considered from their appearances, it is suggested that the microvillous cells correspond to the cobblestone appearance, while the transitional cells to the paving-stone appearance in this study. Nokubi (1985) also described that the pseudostratified nonciliated epithelium lining the transitional zone consisted of the transitional cells, while the epithelium other than the transitional zone of the microvillous cells. As discussed above, however, Nokubi's pseudostratified nonciliated epithelium corresponds to a part of the intermediate epithelium; i.e., both the transitional cells and the microvillous ones are no more than the superficial cells of the intermediate epithelium. The nasopharynx had to be investigated throughout from the choanae to the "nasopharyngeal hiatus (Wood Jones, 1940 )" by use of SEM.
The arytenoid region was covered with the intermediate epithelium and this finding corresponded very \yell 10 its anatomical location, as it is situated within the nasopharyngeal hiatus; i.e., it belongs to the iiiv)opharynx. Micrograph showing the nasopharynx. The stratified cuboidal type epithelium (arrowheads) continues to the stratified squamous type one (arrows). x 360. Fig. 3 .
Scanning electron micrograph showing the nasopharynx. The ciliated cells (C) scatter singly or in small groups among the superficial cells without cilia. x 3,000.
Plate H Fig. 4 .
Scanning electron micrograph showing the cobblestone appearance. The superficial cells bulge out to a varying degree from the surface. x 5,000. Fig. 5 .
Micrograph showing the paving-stone appearance. The cells appear to be relatively flat and the cell boundaries are indistinct. x 5,000.
